We suggest a new way of the determining abundances and electron temperatures in H ii regions from strong emission lines. Our approach is based on the standard assumption that H ii regions with similar intensities of strong emission lines have similar physical properties and abundances. A "counterpart" for a studied H ii region may be chosen among H ii regions with well-measured abundances (reference H ii regions) by comparison of carefully chosen combinations of strong line intensities. Then the abundances in the investigated H ii region can be assumed to be the same as those in its counterpart. In other words, we suggest to determine the abundances in H ii regions "by precedent". To get more reliable abundances for the considered H ii region, a number of reference H ii regions is selected and then the abundances in the target H ii region are estimated through extra-/interpolation. We will refer to this method of abundance determination as the counterpart method or, for brevity, the C method. We define a sample of reference H ii regions and verify the validity of the C method. We find that this method produces reliable abundances. Finally, the C method is used to obtain the radial abundance distributions in the extended discs of the spiral galaxies M 83, NGC 4625 and NGC 628.
INTRODUCTION
Metallicities play a key role in many studies of galaxies. While absorption line indices are widely used to derive the metallicities of older stellar populations, gas-phase oxygen abundances are the best means to estimate the present-day metallicities. Since emission lines in the spectra of H ii regions are easily measurable across a wide range of extragalactic distances, they are generally considered the most powerful indicators of the present-day chemical composition of star-forming galaxies. The spectra of a large number of individual H ii regions in nearby spiral and irregular galaxies have now been obtained (see McCall et al. 1985; Zaritsky et al. 1994; van Zee et al. 1998; van Zee & Haynes 2006; Izotov et al. 1997; Izotov & Thuan 1998b Kehrig et al. 2004; Bresolin et al. 1999 Bresolin et al. , 2005 Bresolin et al. , 2009a López-Sánchez & Esteban 2009; Guseva et al. 2011 , among many others). These spectroscopic measurements provide the basis for investigations of metallicity properties of galaxies such as radial abundance gradients, mean metallicities, etc., (Vila-Costas & Edmunds 1992; Zaritsky et al. 1994; van Zee et al. 1998; Pilyugin et al. 2004, among others) .
The H ii regions ionised by stars (or star clusters) form a welldefined fundamental sequence in different emission-line diagrams.
The existence of such a fundamental sequence provides the basis of various investigations of extragalactic H ii regions. In particular, Baldwin, Phillips & Terlevich (1981) suggested that the position of an object in some well-chosen emission-line diagrams can be used to separate H ii regions ionised by stars from other types of emission-line objects. This idea has found general acceptance and is widely used. Thus, the [O iii]λ5007/Hβ vs. [N ii]λ6584/Hα diagram is often used to distinguish between H ii regions and active galactic nuclei (AGNs). However, the exact location of the dividing line between H ii regions and AGNs is still controversial (Kewley et al. 2001; Kauffmann et al. 2003; Stasińska et al. 2006) . It has been argued that the binary classification scheme for emission line galaxies (subdividing into star-forming galaxies and AGNs) is oversimplified and a revised classification scheme involving more classes should be considered (Stasińska et al. 2008; Cid Fernandes et al. 2011 ). Pagel et al. (1979) and Alloin et al. (1979) suggested that the positions of H ii regions in some emission-line diagrams can be calibrated in terms of their oxygen abundances. This approach to abundance determination in H ii regions, usually referred to as the "strong-line method" or "strong-line calibrations" has been widely adopted. Numerous relations have been suggested to convert metallicity-sensitive emission-line ratios into metallicity or temperature estimates (Dopita & Evans 1986 It should be stressed that strong-line calibrations for oxygen abundances do not form a uniform "family". Basically, there are two types. The calibrations of the first type are the empirical calibrations, established on the basis of H ii regions in which the oxygen abundances are determined through the T e method. The calibrations of the second type are the theoretical (or model) calibrations, established on the basis of grids of photoionisation models of H ii regions. Among published strong-line calibrations there exist large systematic discrepancies, in the sense that theoretical calibrations generally produce oxygen abundances that are by factors of 1.5 -5 higher than those derived using empirical calibrations (c.f. Kennicutt et al. 2003; Pilyugin 2003b; Yin et al. 2007; Kewley & Ellison 2008; Bresolin et al. 2009b; Moustakas et al. 2010; López-Sánchez & Esteban 2010) . Thus, at the present time there exists no absolute scale for metallicities in H ii regions.
The empirical metallicity scale has advantages as compared to the theoretical (model) metallicity scales. The empirical metallicity scale is well defined in terms of the abundances in H ii regions derived through the T e method, i.e., in that sense the empirical metallicity scale is absolute. The abundances estimated via different empirical calibrations are compatible with each other and with the T e -based abundances as well. Contrary to the consistency among empirical calibrations, there are as many theoretical (model) metallicity scales as there are sets of H ii region models. In other words, the abundances derived using different theoretical calibrations are usually not in agreement with each other. However, the validity of the T e method (and, as a consequence, the validity of the empirical metallicity scale in H ii regions) has for long been questioned (Peimbert 1967; Stasińska 2005; Peña-Guerrero et al. 2012 , and references therein). But there is also evidence that the classic T e method provides realistic oxygen abundances of H ii regions (Pilyugin 2003b; Pilyugin et al. 2006; Williams et al. 2008; Bresolin et al. 2009b; Rodríguez & García-Rojas 2010) . It is also noteworthy that oxygen abundances in Galactic H ii regions derived using the direct T e method as well as empirical calibrations agree with stellar oxygen abundances (see, e.g., Fig. 7 in Mattsson 2010) determined in Cepheids (Andrievsky et al. 2002a (Andrievsky et al. ,b,c, 2004 as well as the new solar oxygen abundance (Asplund et al. 2009 ). Moreover, if the empirical metallicity scale should be corrected (see, e.g. Peña-Guerrero et al. 2012) , the abundances derived using the T e method and different empirical calibrations should be corrected accordingly. Thus, the empirical metallicity scale is likely the preferable metallicity scale at present.
However, all calibrations (empirical as well as theoretical) encounter problems. These calibrations are usually based on the oxygen [O ii]λ3727+λ3729, [O iii]λ5007 and/or nitrogen [N ii]λ6584 lines [with a few exceptions, e.g., Stasińska (2006) ]. It is well known that the relation between the oxygen abundance and the strong oxygen-line intensities is double-valued, with two distinct parts, traditionally known as the upper (12 + log(O/H) 8.25) and lower (12 + log(O/H) 8.0) branches of the R 23 -O/H diagram. Moreover, the strong oxygen-line intensities are not a good indicator of the oxygen abundance in the transition zone between the upper and lower branches. Furthermore, it is well known that there is no one-to-one correspondence between oxygen and nitrogen abundances. A prominent feature of the N/O vs. O/H diagram is that the N/O abundance ratio shows a large scatter at a fixed value of the O/H abundance ratio, larger than can be explained by observational uncertainties (Henry et The properties mentioned above prevent the construction of a calibration that works over the whole range of metallicities shown by H ii regions. Thus, one has to construct separate calibrations for different metallicity intervals, i.e., there are no calibration relations that work sufficiently well over the whole range of observed metallicities. Here, also another problem arises -one has to know a priori in which metallicity interval (or on which of the two branches) the H ii region is located.
It should be emphasised that each existing calibration is based on the assumption that H ii regions with similar strong-line intensities have similar abundances. A simple, more direct method for abundance determination follows from that assumption as well. If there were (and fortunately there is indeed) a suitable sample of reference H ii regions with well-measured electron temperatures and abundances, then one can choose among those reference H ii regions the ones that have the smallest difference in strong line intensities compared to the studied H ii region, i.e., one can find a corresponding, "counterpart" H ii region. Then the oxygen and nitrogen abundances and electron temperatures in the investigated H ii region can be assumed to be the same as in its counterpart. In other words, we suggest that the abundances in the target H ii region can be determined "by precedent". To obtain more reliable abundances, one may select several reference H ii regions (counterparts) and then estimate the abundance in the target H ii region through extrapolation or interpolation. We will refer to this method as the "counterpart method" or, for brevity, as the C method.
The main goal of the present study is to select a sample of H ii regions with well-measured electron temperatures and abundances, i.e., to obtain a sample of reference H ii regions. We have carried out an extensive search of the literature to compile a list of spectra of H ii regions in irregular and spiral galaxies with measured electron temperatures. The sample of reference H ii regions and the C method are discussed in Section 2. In Section 3, the C method is used to obtain abundance gradients in the extended discs of three spiral galaxies. Section 4 presents the conclusions.
Throughout the paper, we will use the following standard notations for the line intensities:
The electron temperatures will be given in units of 10 4 K.
A SAMPLE OF REFERENCE H II REGIONS

Observational data: line intensities
We have carried out an extensive search of the literature and compiled a sample of H ii regions with abundances determined with the T e method. This sample is the basis for our study. We have searched for spectra of H ii regions in irregular and spiral galaxies, with the requirement that they include the In recent years, the number of available spectra of emissionline nebulae has increased dramatically due to several large spectroscopic surveys such as the Sloan Digital Sky Survey (SDSS) (York et al. 2000) . The auroral lines are measurable in a relatively large number of SDSS galaxies (Kniazev et al. 2004; Izotov et al. 2006) , which provides the possibility to obtain T e -based abundances for SDSS galaxies. However, the SDSS objects cannot be used as reference H ii regions for two reasons. First, the wavelength range of the SDSS spectra is 3800 -9300 Å so that for nearby galaxies with redshift z 0.02 the [O ii]λ3727+λ3729 emission line is outside of that range. The lack of this line prevents us from using SDSS spectra of nearby galaxies in our study. Second, the SDSS galaxy spectra span a large range of redshifts. There is thus an aperture-redshift effect in SDSS spectra since these spectra are obtained with 3 ′′ -diameter fibers. At a redshift of z = 0.05 the projected aperture diameter is ∼ 3 kpc, while it is ∼ 15 kpc at a redshift of z = 0.25. This means that, at large redshifts, SDSS spectra are closer to global spectra of whole galaxies, i.e., to spectra of composite nebulae including multiple star clusters, rather than to spectra of individual H ii regions. It has been argued that the T e method can result in an underestimated oxygen abundance in the SDSS objects if H ii regions with different physical properties contribute to the global spectrum of composite nebulae (Pilyugin et al. 2012 ). This effect is somewhat similar to the small-scale temperature fluctuations in H ii regions discussed by Peimbert (1967) .
High-precision spectroscopy, including the auroral lines [O iii]λ4363 and [N ii]λ5755 for a number of H ii regions in our Galaxy (see Esteban et al. 2004; García-Rojas et al. 2004 García-Rojas & Esteban 2007, among others) and in the Large and Small Magellanic Clouds (e.g. Peimbert 2003; Tsamis et al. 2003; Peimbert et al. 2005; Peña-Guerrero et al. 2012) can be found in the literature. However, only a small part of the H ii regions is measured in these cases and therefore the obtained line intensities are usually not representative for the whole nebula. For this reason, these spectroscopic measurements were not included in our list.
Thus, for each listed spectrum, we record the measured val-
The intensities of all lines are normalised to the Hβ line flux. The line intensity [O iii]λ4959 is required to define the R 3 value. However this line is not reported in some of the papers considered here. Therefore the R 3 value is derived from the [O iii]λ5007 line intensity (see below). Similarly, the values of N 2 and S 3 are estimated without the lines [N ii]λ6548 and [S iii]λ9532, which are also not reported in some papers. Furthermore, only the summed-up line fluxes [S ii] λ6717+λ6731 are available in a number of publications.
We have taken the de-reddened line intensities as reported by the authors. In some papers the measured fluxes are reported only. In these cases, the measured emission-line fluxes were corrected for interstellar reddening using the theoretical Hα to Hβ ratio (i.e., the standard value of Hα/Hβ = 2.86) and the analytical approximation to the Whitford interstellar reddening law from Izotov et al. (1994 (Mendoza & Zeippen 1982) . Hence, the value of S 3 can be estimated as S 3 = 3.44[S iii]λ9068. The spectroscopic data so assembled form the basis of the present study. Our list contains 714 spectra. Since two or three auroral lines are detected in some spectra the resulting number of electron temperatures measurements is 899 (645 measurements of t 3,O electron temperatures, 140 measurements of t 2,N electron temperatures, and 114 measurements of t 3,S electron temperatures).
Abundance derivation
In principle, the T e method, based on measurements of temperature-sensitive line ratios, should give accurate oxygen abundances. In practice, however, oxygen abundances in the same H ii region derived by various authors can differ because there may be errors in the line intensity measurements and the adopted atomic data may not be the same. To ensure that we have a relatively homogeneous data set, we have recalculated electron temperatures and oxygen and nitrogen abundances for all the H ii regions.
To Galavís et al. (1997) for N + , and from Johansson et al. (1992) for S ++ . The effective cross sections (or effective collision strengths) for electron impact Ω jk as a function of temperature are from Aggarwal & Keenan (1999) for O ++ , from Pradhan et al. (2006) for O + , from Hudson & Bell (2005) for N + , and from Tayal & Gupta (1999) for S ++ . To derive the effective cross section for a given electron temperature, we have fitted a second-order polynomial to these data.
In the low density regime (n e 100 cm −3 ), the following simple expressions provide approximations to the numerical results with an accuracy better than 1%. The electron temperatures are related to the measured line fluxes in the following way:
and
or t 3,S = 0.915 log Q 3,S − 0.683 + 0.485 log t 3,S − 0.114 t 3,S
where The total oxygen abundance is determined from
In general, the small fraction of undetected O 3+ ions in the highexcitation H ii regions (O + /(O + +O 2+ ) < 0.1) should be added to the oxygen abundance (Izotov et al. 2006) . However, this results in only a minor correction to the oxygen abundance derived just from O + and O 2+ . For example, the correction is around 0.01 dex for the lowest-metallicity blue compact dwarf galaxy SBS 0335-052 ). Hence, this correction is not considered in the following.
The total nitrogen abundance is determined from
assuming (Peimbert & Costero 1969 )
The N + /O + ion abundance ratio is derived from log N
which is obtained by combining Eq.(4) with Eq.(5). We have calculated electron temperatures and oxygen and nitrogen abundances for H ii regions within the framework of the standard H ii region model with two distinct temperature zones within the nebula. The electron temperature t 3 within the zone O ++ is given by the electron temperature t 3,O , and the temperature t 2 within the zones O + and N + is given by the temperature t 2,N . It is common practice that the value of only the electron temperature is measured and the value of the other temperature is determined from the t 2 -t 3 relation. The commonly used t 2 -t 3 relation (Campbell et al. 1986; Garnett 1992) 
is adopted here. When the value of the electron temperature t 3,S is measured then the value of t 3 is obtained from the relation after Garnett (1992) t 3 = 0.83 t 3,S + 0.17.
Two or three auroral lines are detected in some spectra and, consequently, two or three electron temperatures (t 3,O , t 2,N , t 3,S ) can be measured. For those H ii regions, two or three values of the electron temperature t 3 and oxygen and nitrogen abundances are determined.
The C method
Suppose we have an observed H ii region and a sample of reference H ii regions. To find the counterpart for the H ii region under study, we will compare not the four measured nebular lines R 3 , R 2 , N 2 , and S 2 directly, but instead four other values that are expressed in terms of these line intensities: P = R 3 /(R 2 + R 3 ) (excitation parameter), logR 3 , log(N 2 /R 2 ), and log(S 2 /R 2 ). A linear combination of these values can serve as an indicator of the metallicity in an H ii region (Pilyugin et al. 2010) . We specify the difference between the spectrum of the studied H ii region and the spectrum of the jth H ii region from the reference sample as
The reference H ii region with the smallest value of the ∆Sp will be considered as the counterpart for the investigated H ii region. Then the oxygen and nitrogen abundances and electron temperature in the studied H ii region can be assumed to be the same as those in its counterpart. However, oxygen and nitrogen abundances obtained in this manner can still have considerable errors for the following reasons. 1. The number of reference H ii regions is limited, especially at the high-metallicity end. Hence, in some cases there may be significant differences between abundances of the studied H ii region and its counterpart. 2. In some cases the smallest value of ∆Sp does not corresponds to the minimum difference in oxygen abundance. That would be the case if all the values of P, logR 3 , log(N 2 /R 2 ), and log(S 2 /R 2 ) would change in proportion to the change of the abundance, and the calibration coefficients would be the same for all those values. This is indeed not the case. The coefficients are in fact functions of the metallicity (for example, the coefficient for logR 3 even changes sign going from low-metallicity to high-metallicity H ii regions). Furthermore, the difference in log(N 2 /R 2 ) values between two H ii regions with the same oxygen abundance but different N/O abundance ratios can be larger than the difference between two H ii regions with different oxygen abundances but similar nitrogen abundances. Thus, one may assume that the reference H ii region with the smallest value of the ∆Sp has a similar, but not necessarily the abundance closest to that of the studied H ii region. 3. Finally, the T e -based abundances for the reference H ii region can of course involve some errors and uncertainties.
To overcome these problems and obtain more reliable estimates of abundances and electron temperatures, a number of reference H ii regions with metallicities near the metallicity of the selected counterpart H ii region, (in the metallicity interval ±(O/H) int ) can be used. Using a sufficient number of H ii regions with metallicities in a suitable interval, one can obtain a linear expression for the oxygen abundance (or nitrogen abundance and electron temperature) of the form
where Y = 12 + log(O/H), or Y = 12 + log(N/H), or Y = t 3 . The oxygen and nitrogen abundances determined this way will in the following be referred to as (O/H) C and (N/H) C , respectively.
Selection of the reference H ii regions
The selection of reference H ii regions is not a trivial task. Here we use an approach that is based on the idea that if an H ii region belongs to the fundamental sequence of the photoionised nebulae, and its line fluxes are measured accurately, then the different methods, based on different emission lines, should yield similar physical characteristics (such as electron temperatures and abundances) of that object (Thuan et al. 2010 ).
The C method requires we first select a sample of reference H ii regions from the collected data. The uncertainty of the oxygen abundance can be quantified by the discrepancy between the C-based and the T e -based oxygen abundances (14) for each H ii region in our list using all the other H ii regions as the reference sample. Then we select a subsample of H ii regions for which the absolute difference between the C-based and the T e -based abundances
In the second step, we again determine oxygen (O/H) C and nitrogen (N/H) C abundances from Eq. (14) for each H ii region in our list using a selected subsample of H ii regions as the reference sample. We then select a new subsample of H ii regions for which the difference between C-based and T e -based abundances is less than D * O/H and D * N/H , i.e., a new sample of reference H ii regions is obtained. The algorithm converges after a number (around ten) of iterations. As was noted above, two or three auroral lines are detected in some spectra and, consequently, two or three electron temperatures (t 3,O , t 2,N , t 3,S ) can be measured. For those H ii regions more than one (i.e., two or three) oxygen and nitrogen abundances are determined. If these abundances, for a given spectrum, satisfy the selection criteria, we choose that one for which the difference between C-based and T e -based oxygen abundances is the smallest.
In general, the selected sample of reference H ii regions depends on three parameters: 1) the adopted interval of metallicity around the metallicity of the counterpart (O/H) int which defines a subsample of reference H ii regions used to derive the coefficients in Eq. (14), 2) the adopted maximum value of D * O/H , i.e., of the discrepancy between C-based and T e -based oxygen abundances in the reference H ii regions, 3) the adopted maximum value of D * N/H , i.e., of the discrepancy between C-based and T e -based nitrogen abundances in the reference H ii regions. O/H = 0.12 dex has been selected from our compilation of H ii regions in the way described above. If the number of reference H ii regions within the adopted interval of metallicity around the metallicity of the counterpart (O/H) int , which defines a subsample of reference H ii regions used to derive the coefficients in Eq. (14), is less than 12 (this can occur at the high-metallicity end) then we increase the interval of metallicity (O/H) int with a step size of 0.05 dex until the number of reference H ii regions within the adopted interval of metallicity becomes larger than 12. This sample will be referred to as Rsample12 below. In a similar way the sample Rsample10 with D * O/H = 0.10 dex was selected from the sample Rsample12, and the sample Rsample08 with D * O/H = 0.08 dex was selected from the sample Rsample10.
We choose Rsample10 for our abundance derivation. Rsample12 and Rsample08 will be used below to illustrate that the C-method abundances are robust. The reference H ii regions from the Rsample10 are listed in Table A1 1 . Column 1 in the Table A1 is the order number of the H ii region. The de-reddened line intensities (in units of Hβ line flux) are given in columns 2 to 5. T e -based oxygen and nitrogen abundances [in units of 12+log(X/H)] are listed in columns 6 and 7 respectively, and the electron temperature (in units of 10 4 K) is reported in column 8. In all cases where the electron temperature was reduced to t 3,O [Eq. (11) or Eq. (12)] this is mentioned. The index j T in column 9 is equal to 1 when the electron temperature t 3,O is derived from the auroral line [O iii]λ4363, equal to 2 when the temperature t 2,N is derived from the auroral line [N ii]λ5755, and equal to 3 when the temperature t 3,S is derived from the auroral line [S iii]λ6312. Commonly used catalogue names for each H ii region and the sources of the spectral data are listed in columns 10 and 11, respectively.
Let us briefly consider the general properties of Rsample10. Fig. 1 shows the logR 3 vs. logR 2 diagram. Pilyugin et al. (2004) compiled a large number of strong emission line measurements in spectra of individual H ii regions in nearby spiral and irregular galaxies. Those H ii regions are shown by filled gray (light-blue in the color version) circles in Fig. 1 (both panels) in order to outline the area occupied by H ii regions of nearby galaxies in the R 3 vs. R 2 diagram. The H ii regions from the present compilation are shown by the dark (black) plus signs in the upper panel of Fig. 1 . The selected reference H ii regions are shown by filled dark (black) circles in the lower panel of Fig. 1 .
The solid line in Fig. 2 shows the cumulative number of individual oxygen abundance measurements from our compilation of H ii regions with the absolute difference between the C-based and the T e -based oxygen abundances (discrepancy index D O/H ) less than a given value. The dashed line shows the same for the nitrogen abundances. One can clearly see that the cumulative numbers of nitrogen abundance measurements at any discrepancy index is larger than that for oxygen abundances, i.e., agreement between the Cbased and the T e -based abundances is better for nitrogen than for oxygen abundances. Fig. 4 we see that the number of the H ii regions with metallicities 12+log(O/H) 8.4 is small in the reference sample. More high-precision measurements of spectra of highmetallicity H ii regions are obviously needed. However, that requires measurements of extragalactic H ii regions using the largest telescopes. As was noted above, the Galactic H ii regions cannot be used as reference H ii regions because only parts of these H ii regions are measured due to their large angular extent and therefore the obtained line intensities are usually not representative for the nebula as a whole.
Verification of the C method
The radial oxygen abundance distributions in the discs of the spiral galaxies M 101, NGC 300, and M 51 were derived based on H ii regions with measured electron temperatures (Kennicutt et al. 2003; Bresolin et al. 2009b Bresolin et al. , 2004 , which offers a possibility to verify the C method and different samples of reference H ii regions by comparing the radial distribution of the C-based abundances with those traced by the H ii regions with T e -based abundances. The fractional radius, the galactocentric distance R G expressed in terms of the isophotal radius R 25 , is used in the diagrams where radial oxygen (nitrogen) abundance distributions are plotted.
In Fig. 5 we compare the radial distributions of the oxygen and nitrogen abundances obtained by the C method using different samples of reference H ii regions with radial distributions traced by , and Rsample12 reference samples, respectively. Fig. 5 shows that the oxygen and nitrogen abundances determined by the C method using the three different reference samples are in agreement with each other and the radial distributions of the C-method-based oxygen and nitrogen abundances follow to the same trends traced by T e -based abundances. Fig. 6 shows the same for the radial abundance distributions in the disc of the spiral galaxy NGC 300. The abundances of H ii regions were determined with the spectral measurements from Bresolin et al. (2009b) . Again, the oxygen and nitrogen abundances derived by the C method using the three different reference samples are in agreement with each other, and the radial distributions of C-method-based oxygen and nitrogen abundances follow almost exactly the trends traced by T ebased abundances (the best linear fits to T e -based and C-methodbased abundances coincide and cannot be distinguished in Fig. 6 ). It should be noted that the scatter in the C-method-based abundances, at a given galactocentric distance, is even smaller than the one in the T e -based abundances. Fig. 7 compares the radial distributions of T e -based and Cmethod-based oxygen and nitrogen abundances in the disc of the spiral galaxy M 51. The t 2,N and t 3,S electron temperatures have been measured in a number of H ii regions in the disc of M 51 Garnett et al. 2004 ). The oxygen abundance gradient derived by Bresolin et al. (2004) is shown by the longdashed (red) line in the upper left panel. C-method-based abundances for the Bresolin et al. (2004) total sample are derived including H ii regions where auroral lines were not detected (their Table 6 ). Fig. 7 confirms again that the oxygen and nitrogen abundances determined by the C method using the three different reference samples are in agreement with each other and the radial distributions of C-method-based oxygen and nitrogen abundances follow to the trends traced by T e -based abundances.
From the above, we draw two conclusions: 1. The oxygen and nitrogen abundances estimated by the C method using the three different reference samples (Rsample12, Rsample10, and Rsample08) are in good agreement, i.e., the Cmethod-based abundances are robust. 2. The C-method-based oxygen and nitrogen abundances are also in agreement with the T e -based abundances, i.e., the C method produces reliable oxygen and nitrogen abundances. 
Uncertainty in the C-based abundances, caused by errors in line intensities
The "strong" nebular lines R 3 and R 2 become rather weak in highmetallicity H ii regions while the "strong" lines N 2 and S 2 are weak in low-metallicity H ii regions. Therefore the measurements of those lines can have significant errors. The uncertainty in oxygen and nitrogen abundances, caused by the uncertainty in the line flux measurements, can be estimated in the following way. We consider the measured fluxes in the reference H ii regions as the "true" fluxes and C-method-based oxygen and nitrogen abundances as the "true" abundances. We then introduce a random relative error ǫ to each and every line flux,
where ǫ R 3 , ǫ R 2 , ǫ N 2 , and ǫ We have considered two cases. In the first, we adopt random relative errors ǫ R 3 , ǫ R 2 , ǫ N 2 , and ǫ S 2 in the range of −10% to +10%. The mean error in the flux measurements is defined as
The ( true , respectively. In the second case, we adopt random relative errors ǫ R 3 , ǫ R 2 , ǫ N 2 and ǫ S 2 in the range −20% to +20%.
The left panels in Fig. 8 show the errors in the oxygen ǫ O/H (upper panel) and nitrogen ǫ N/H (lower panel) abundances as a function of the mean error in the line fluxes ǫ F . The Monte Carlo simulations for the first case are shown by the dark (black) points, and those for the second case are represented by the grey (light-blue) points. In the right panels in Fig. 8 we plot the error in the oxygen ǫ O/H (upper panel) and nitrogen ǫ N/H (lower panel) abundances against the oxygen abundance. Fig. 8 reveals that the uncertainties in the oxygen abundances caused by the errors in the first case are not in excess of 0.1 dex for the vast majority of H ii regions, although in a few cases they may be larger. The uncertainties in the nitrogen abundances are slightly larger, up to 0.15 dex. It is interesting to note that even when the mean error in the line fluxes ǫ F is relatively large the error in the oxygen ǫ O/H and nitrogen ǫ N/H abundances can be close to zero. This is because the errors in the abundances caused by errors in different line intensities can have opposite signs and therefore cancel, i.e., even when the error in each term on the right-hand side of Eq. (14) is considerable, the sum (abundance) can be correct if the errors in different right-hand side terms have opposite signs and compensate each other.
A closer look at the upper right panel in Fig. 8 shows that the uncertainty in the oxygen abundance caused by errors in the line intensities reach a maximum in H ii regions with metallicities in the range from 12 + log(O/H) ∼ 7.8 to 12 + log(O/H) ∼ 8.2. This is because the strong line fluxes are less sensitive to the oxygen abundance of the H ii regions this metallicity interval (in particular, the transition from the upper to the lower branch of the R 23 vs. O/H diagram occurs in this interval). At high metallicities (12+log(O/H) 8.2) the uncertainty decreases with increasing metallicity. This is due to the fact that the strong line fluxes change much more with the oxygen abundance in high-metallicity (cold) H ii regions than in low-metallicity (warm and hot) H ii regions (Pilyugin et al. 2010 ). In other words, similar relative changes in the strong line fluxes correspond to a smaller change in the oxygen abundance in highmetallicity H ii regions than in low-metallicity H ii regions. Hence, similar relative errors in the line fluxes result in smaller errors at high metallicity than at low metallicity. 
APPLICATION OF THE C METHOD: ABUNDANCE GRADIENTS IN THE EXTENDED DISCS OF SPIRAL GALAXIES
Spectra of H ii regions in the outer disc of the spiral galaxy M 83 (=NGC 5236) (Bresolin et al. 2009a ) and in the extended disc of the spiral galaxy NGC 4625 (Goddard et al. 2011) were obtained quite recently. The abundance gradients were determined out to around 2.5 times the optical isophotal radius. It was found that at the transition between the inner and outer disc the abundance gradient becomes flatter. In addition, there appears to be an abundance discontinuity close to this transition. However, the abundances estimated with different calibrations differ by more than a factor of three. This prevents one from drawing a solid conclusion on the real behavior of the abundance gradients in the outer discs of these galaxies. Oxygen abundance gradients have been obtained for a large sample of spiral galaxies (Vila-Costas & Edmunds 1992; Zaritsky 1992; van Zee et al. 1998, among others). It was found that nearly all the gradients are reasonably well fitted by a single exponential profile, although in several cases the gradient slope may not be con- The C-method-based oxygen abundance distributions follow well the gradients traced by the T e -based oxygen abundances, see Figs. 5 -7. Here we apply the C method to derive abundance gradients in the extended discs of the galaxies M 83, NGC 4652 and NGC 628. In previous works, no attention was paid to the radial distribution of nitrogen abundances in the extended discs of those galaxies, despite the fact that such studies would have several advantages (Thuan et al. 2010) . First, since at 12 + log(O/H) 8.3, secondary nitrogen becomes dominant and the nitrogen abundance increases at a faster rate than the oxygen abundance (Henry et al. 2000) , the change in nitrogen abundances with galactocentric distance should show a larger amplitude in comparison to oxygen abundances and, as a consequence, the change of the gradient and/or abundance discontinuity should be easier to detect. Furthermore, there is a time de- lay in the nitrogen production as compared to oxygen production (Maeder 1992; van den Hoek & Groenewegen 1997; Pagel 1997; Pilyugin & Thuan 2011) . This provides an additional constraint on the chemical evolution of galaxies. These reasons led us to consider here not only the radial distribution of oxygen abundances but also that of nitrogen abundances. Fig. 9 shows the radial distributions of the C-method-based oxygen and nitrogen abundances in the disc of the spiral galaxy M 83, where line measurements were taken from Dufour et al. is the best linear fit to the data points with galactocentric distances smaller than the isophotal R 25 radius, and the dashed line is for the H ii regions beyond the isophotal radius. The dotted (red) line shows the best single linear fit to all the data points. Fig. 10 shows the radial distributions of oxygen and nitrogen abundances in the disc of the spiral galaxy NGC 4625 for a sample of H ii regions from Goddard et al. (2011) . Fig. 11 shows the radial distributions of the oxygen and nitrogen abundances in the disc of the spiral galaxy NGC 628 for H ii regions from McCall et al. (1985) ; Ferguson et al. (1998); van Zee et al. (1998) ; Bresolin et al. (1999) .
Figs. 9, 10, and 11 demonstrate that the gradient slopes within and beyond the optical isophotal radius are different. The gradient in the outer extended disc is shallower than that in the inner part of the galaxies. Thus, we confirm the conclusion of Bresolin et al. (2009a) and Goddard et al. (2011) that at the transition between the inner and outer disc the abundance gradient becomes flatter. It should be noted that the change in the gradient slope is more distinct in the radial distribution of nitrogen than oxygen abundances. This is not surprising since the change in nitrogen abundances with galactocentric distance shows a larger amplitude in comparison to oxygen abundances and, as a consequence, the change of the gradient slope is easier to detect.
On the other hand, Figs. 9, 10, and 11 do not provide a solid case in favour of the existence of an abundance discontinuity in the transition from the inner to outer disc, as was suggested by Bresolin et al. (2009a) and Goddard et al. (2011) . Even if this abundance discontinuity exists, its amplitude is not in excess of the scatter in abundances among H ii regions with similar galactocentric distances.
SUMMARY AND CONCLUSIONS
In this paper, a new way of determining abundances and electron temperatures in H ii regions based on strong emission lines is suggested. Our approach is based on the standard assumption that H ii regions with similar strong-line intensities have similar physical properties and abundances. A sample of reference H ii regions with well-measured abundances is obtained, from which we choose a counterpart for the considered H ii region by comparison of combinations of strong-line intensities. The oxygen and nitrogen abundances, as well as the electron temperature in the studied H ii region may then be assumed to be the same as that in its counterpart. In other words, we suggest a method where abundances in H ii regions are obtained "by precedent".
To get more reliable abundances, we select a number of reference H ii regions with abundances near those in the counterpart H ii region and then derive the abundance in the studied H ii region through extra-/interpolation. We call this the counterpart method or, for brevity, the C method.
We have carried out an extensive search of the literature to compile a list of individual spectra of H ii regions in irregular and spiral galaxies, with the requirement that they include the
lines and a detected auroral line of, at least, one ion. The spectroscopic data so assembled form the basis of the present study. Our list contains 714 spectra. Since two or three auroral lines are detected in some spectra the total number of the electron temperature measurements is equal to 899. To ensure that we have a relatively homogeneous data set, we recalculated electron temperatures and oxygen and nitrogen abundances for all the H ii regions. Then we selected a sample of the reference H ii regions from the collected data. The list of our reference H ii regions (Rsample10) contains 414 objects.
To verify the C method we considered the radial distributions of the oxygen and nitrogen abundances in the discs of the spiral galaxies M 101, NGC 300, and M 51 for which abundance gradients were established on the basis of observed H ii regions with measured electron temperatures. We found that the radial abundance gradients in the discs of these galaxies, as obtained by the C method and the T e method, are in satisfactory agreement. This is evidence in favour of the C method producing reliable abundances. Thus, the strong lines
, and [S ii]λ6717+λ6731 allow us to estimate the oxygen and nitrogen abundances in H ii regions using the C method and the resultant abundances are compatible with the T e -based abundances. If the errors in the line measurements are within 10% then one can expect that the uncertainty in the C-based abundances are not in excess of 0.1 dex.
Finally, the C method has been applied to study the radial abundance distributions in the extended discs of the spiral galaxies M 83, NGC 4625, and NGC 628, which have been suggested to show shallower oxygen abundance gradients in the outer disc (beyond the isophotal radius) than in the inner disc, and to investigate a discontinuity in the gradient that occurs in proximity of the optical edge of the galaxy. We confirm the conclusion of Bresolin et al. (2009a) and Goddard et al. (2011) that the abundance gradient becomes flatter at the transition between the inner and outer disc. We found that the change in the gradient slope is more distinct in the radial distribution of nitrogen than of oxygen abundances, which is expected. On the other hand, we do not find solid evidence for the existence of an abundance discontinuity at the transition from the inner to the outer disc as found by Bresolin et al. (2009a) and Goddard et al. (2011) . Even if this abundance discontinuity is real its amplitude is not in excess of the scatter in abundances among H ii regions with similar galactocentric distances. 
